
• I can define an identify the midsegments of a triangle.
• I can use the property of the midsegment of a triangle to solve 
problems.
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288 Chapter 5 Properties of Triangles

THEOREM 5.9 Midsegment Theorem
The segment connecting the midpoints of
two sides of a triangle is parallel to the
third side and is half as long.

DE
Æ

∞ AB
Æ

and DE = !
1
2!AB

THEOREM 

STUDENT HELP

Study Tip
In Example 3, it is
convenient to locate a
vertex at (0, 0) and it also
helps to make one side
horizontal. To use the
Midpoint Formula, it is
helpful for the coordinates
to be multiples of 2.
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Proof

Using the Midsegment Theorem

UW
Æ

and VWÆ are midsegments of ¤RST. Find UW and RT.

SOLUTION

UW = !
1
2!(RS) = !

1
2!(12) = 6 

RT = 2(VW) = 2(8) = 16 
. . . . . . . . . .

A coordinate proof of Theorem 5.9 for one midsegment of a triangle is given
below. Exercises 23–25 ask for proofs about the other two midsegments. To set
up a coordinate proof, remember to place the figure in a convenient location. 

Proving Theorem 5.9

Write a coordinate proof of the Midsegment Theorem.

SOLUTION

Place points A, B, and C in convenient locations in a
coordinate plane, as shown. Use the Midpoint Formula
to find the coordinates of the midpoints D and E.

D = !!2a
2
+ 0
!, !2b

2
+ 0
!" = (a, b) E = !!2a +

2
2c

!, !2b
2
+ 0
!" = (a + c, b)

Find the slope of midsegment DEÆ. Points D and E have the same y-coordinates,
so the slope of DEÆ is zero.

! ABÆ also has a slope of zero, so the slopes are equal and DEÆ and ABÆ are parallel.

Calculate the lengths of DEÆ and ABÆ. The segments are both horizontal, so their
lengths are given by the absolute values of the differences of their x-coordinates.

AB = |2c º 0| = 2c DE = |a + c º a| = c

! The length of DEÆ is half the length of ABÆ. 
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Midsegment Theorem
USING MIDSEGMENTS OF A TRIANGLE

In Lessons 5.2 and 5.3, you studied four special types of segments of a triangle:
perpendicular bisectors, angle bisectors, medians, and altitudes. Another special
type of segment is called a midsegment. A is a
segment that connects the midpoints of two sides of a triangle.

You can form the three midsegments of a triangle by tracing the triangle on
paper, cutting it out, and folding it, as shown below.

The midsegments and sides of a triangle have a special relationship, as shown in
Example 1 and Theorem 5.9 on the next page.

Using Midsegments

Show that the midsegment MNÆ is parallel to
side JKÆ and is half as long.

SOLUTION

Use the Midpoint Formula to find the
coordinates of M and N.

M = !!º2
2
+ 6
!, !

3 +
2
(º1)
!" = (2, 1)

N = !!
4 +

2
6

!, !
5 +

2
(º1)
!" = (5, 2)

Next, find the slopes of JKÆ and MNÆ.

Slope of JKÆ = !4
5
º

º
(º

3
2)! = !

2
6! = !

1
3! Slope of MNÆ = !25

º
º

1
2! = !3

1
!

! Because their slopes are equal, JKÆ and MNÆ are parallel. You can use the
Distance Formula to show that MN = #1$0$ and JK = #4$0$ = 2#1$0$. So,
MNÆ is half as long as JKÆ.
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The roof of the Cowles
Conservatory in
Minneapolis, Minnesota,
shows the midsegments 
of a triangle.

Identify the
midsegments of a triangle.

Use properties of
midsegments of a triangle.

" To solve real-life
problems involving
midsegments, as applied in
Exs. 32 and 35.

Why you should learn it

GOAL 2
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What you should learn
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5.4



1. Show that midsegment  and is half as 
long.

2.  are midsegments of  Find JK & AB.
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THEOREM 5.9 Midsegment Theorem
The segment connecting the midpoints of
two sides of a triangle is parallel to the
third side and is half as long.
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A coordinate proof of Theorem 5.9 for one midsegment of a triangle is given
below. Exercises 23–25 ask for proofs about the other two midsegments. To set
up a coordinate proof, remember to place the figure in a convenient location. 

Proving Theorem 5.9

Write a coordinate proof of the Midsegment Theorem.

SOLUTION

Place points A, B, and C in convenient locations in a
coordinate plane, as shown. Use the Midpoint Formula
to find the coordinates of the midpoints D and E.

D = !!2a
2
+ 0
!, !2b

2
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+ 0
!" = (a + c, b)

Find the slope of midsegment DEÆ. Points D and E have the same y-coordinates,
so the slope of DEÆ is zero.

! ABÆ also has a slope of zero, so the slopes are equal and DEÆ and ABÆ are parallel.

Calculate the lengths of DEÆ and ABÆ. The segments are both horizontal, so their
lengths are given by the absolute values of the differences of their x-coordinates.

AB = |2c º 0| = 2c DE = |a + c º a| = c

! The length of DEÆ is half the length of ABÆ. 
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3. What are the coordinates of Q & R?

4. How do you know that 

5. What is the MP? What is QR?

6. In  which segment is parallel to 

7. What is YZ?
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THEOREM 5.9 Midsegment Theorem
The segment connecting the midpoints of
two sides of a triangle is parallel to the
third side and is half as long.
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1
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RT = 2(VW) = 2(8) = 16 
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A coordinate proof of Theorem 5.9 for one midsegment of a triangle is given
below. Exercises 23–25 ask for proofs about the other two midsegments. To set
up a coordinate proof, remember to place the figure in a convenient location. 

Proving Theorem 5.9

Write a coordinate proof of the Midsegment Theorem.

SOLUTION

Place points A, B, and C in convenient locations in a
coordinate plane, as shown. Use the Midpoint Formula
to find the coordinates of the midpoints D and E.

D = !!2a
2
+ 0
!, !2b

2
+ 0
!" = (a, b) E = !!2a +

2
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2
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Find the slope of midsegment DEÆ. Points D and E have the same y-coordinates,
so the slope of DEÆ is zero.

! ABÆ also has a slope of zero, so the slopes are equal and DEÆ and ABÆ are parallel.

Calculate the lengths of DEÆ and ABÆ. The segments are both horizontal, so their
lengths are given by the absolute values of the differences of their x-coordinates.

AB = |2c º 0| = 2c DE = |a + c º a| = c

! The length of DEÆ is half the length of ABÆ. 
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8. The midpoints of the sides of a triangle are (1, 5), (3, 3), and (4, 6). What 
are the coordinates of the vertices of the triangle?

9.  are midsegments of  Find the 
perimeter of 
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USING PROPERTIES OF MIDSEGMENTS

Suppose you are given only the three midpoints of the sides of a triangle. Is it
possible to draw the original triangle? Example 4 shows one method.

Using Midpoints to Draw a Triangle

The midpoints of the sides of a triangle are L(4, 2), M(2, 3), and N(5, 4). What
are the coordinates of the vertices of the triangle?

SOLUTION

Plot the midpoints in a coordinate plane. 

Connect these midpoints to form the 
midsegments LNÆ, MNÆ, and MLÆ. 

Find the slopes of the midsegments. 
Use the slope formula as shown.

Each midsegment contains two of the 
unknown triangle’s midpoints and is 
parallel to the side that contains the third 
midpoint. So, you know a point on each side 
of the triangle and the slope of each side. 

Draw the lines that contain the three sides. 

! The lines intersect at A(3, 5), B(7, 3), and
C(1, 1), which are the vertices of the triangle.

. . . . . . . . . . 

The perimeter of the triangle formed by the three midsegments of a triangle is
half the perimeter of the original triangle, as shown in Example 5.

Perimeter of Midsegment Triangle

ORIGAMI DEÆ, EFÆ, and DFÆ are midsegments  
in ¤ABC. Find the perimeter of ¤DEF.

SOLUTION The lengths of the midsegments 
are half the lengths of the sides of ¤ABC.

DF = !
1
2!AB = !

1
2!(10) = 5

EF = !
1
2!AC = !

1
2!(10) = 5

ED = !
1
2!BC = !

1
2!(14.2) = 7.1

! The perimeter of ¤DEF is 5 + 5 + 7.1, or 17.1. The perimeter of ¤ABC is
10 + 10 + 14.2, or 34.2, so the perimeter of the triangle formed by the
midsegments is half the perimeter of the original triangle.
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Crease pattern of origami flower 

ORIGAMI is an
ancient method 

of paper folding. The 
pattern of folds for a 
number of objects, such 
as the flower shown, 
involve midsegments.
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APPLICATIONS



The midpoints of the sides of a triangle are (2, 5), (2, 2) & (6, 5).
10. What are the coordinates of the vertices of the triangle?

11. What is the perimeter of the triangle? 

12. In  if M is the midpoint of  N is the midpoint of 
, & P is the midpoint of  then  are ______ of 
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